Immunoglobulin (Ig) A glomerulonephritis (GN) is a heterogeneous disease affected by various factors. Genetic and other factors "hit" DNA, causing IgA malformation and ultimately glomerular injury. We describe a rare case of crescentic IgA GN with sternoclavicular (SC) arthritis in a 75-year-old woman. Despite active IgA GN with cellular crescents, the patient achieved remission of IgA GN without glucocorticoid therapy after remission of SC arthritis was achieved. Considering the patient's clinical course, this case suggested a relationship between IgA GN and SC arthritis.
Introduction
Immunoglobulin (Ig) A glomerulonephritis (GN) is the most common type of glomerulonephritis worldwide [1] . The pathogenesis of IgA GN has not been fully clarified; however, it has been reported that several factors, such as genetic factors, mucosal infection, and antigen stimulation, are related to its pathogenesis. These factors cause structural abnormalities of IgA that accumulate and deposit in glomerular mesangial areas [2] . The multi-hit hypothesis explains a theory for the pathogenesis of IgA GN, in that these several aforementioned factors "hit" DNA and lead to glomerular injury [1] . Thus, IgA GN is considered a heterogeneous disease.
The causes of sternoclavicular (SC) arthritis vary and include autoimmune disorders and infection [3] . Among them, the synovitis, acne, pustulosis, hyperostosis, and osteitis (SAPHO) syndrome is the most common. Kidney disease with SC arthritis is rare [4] .
Here, we describe a case of IgA GN with SC arthritis. Despite active IgA GN with cellular crescents, the patient achieved remission of IgA GN without glucocorticoid therapy after remission of SC arthritis. Therefore, we considered that IgA GN in this case may have been associated with SC arthritis.
Case Report
A 75-year-old woman presented to the Rheumatology Department of our hospital with a chief complaint of pain in the sternum, which had continued for 3 years. She occasionally took nonsteroidal anti-inflammatory drugs (NSAIDs) for her pain. SC arthritis was suspected, and she continued taking NSAIDs. In the next year, she was diagnosed as having seronegative SC arthritis based on magnetic resonance imaging (MRI) findings of a high-intensity signal located in the lower edge of the right SC joint ( Fig. 1) . Results of the urine examination indicated no abnormality. Human leukocyte antigen (HLA) typing was positive for A9, A11, A24, B5, B51, and B67 and negative for B27. No typing was performed for HLA-DQ or QR. We did not know the cause of SC arthritis because HLA typing was negative for HLA-B27. The rheumatologist started oral treatment with salazosulfapyridine because the patient did not have an acute infection. The pain was relieved with salazosulfapyridine treatment; however, she could not continue this treatment for more than 3 months because of an allergic reaction. Thus, NSAIDs were restarted (Fig. 2 ), and they successfully controlled her pain.
Five months after she was diagnosed as having seronegative SC arthritis, the laboratory data revealed a serum creatinine (Cr) level of 0.77 mg/dL, and urinalysis showed nephritic sediment with acutely increasing significant occult blood and proteinuria. She started to have swollen legs and foaming of the urine. Therefore, she was referred to our division, the Nephrology Department, for further investigation of the acute progression of proteinuria and glomerular hematuria. She ceased taking NSAIDs.
She had a medical history of hypertension, hyperlipidemia, diabetes mellitus, ectopic pregnancy, cataracts, glaucoma, ptosis, and tonsillitis. The physical examination revealed no rash, palmoplantar pustulosis, bilateral leg edema, or pain in the shoulders and SC joints. Her tonsils were not obviously enlarged.
Laboratory studies showed a white cell count of 8,200/μL, C-reactive protein level of 0.03 mg/dL, hemoglobin level of 11.8 g/dL, serum Cr level of 0.64 mg/dL, and estimated glomerular filtration rate of 68.7 mL/min/1.73 m 2 . Urinalysis revealed 2+ proteinuria, a spot urine protein level of 3.1 g/g Cr, urinary albumin-to-protein ratio of 82.1%, and no abnormal urinary protein fraction including M protein. No abnormality was found in the level of tubular proteins, such as N-acetyl-β-D-glucosaminidase, α1-microglobulin, and β2-microglobulin. Urinalysis also revealed 3+ occult blood with dysmorphic red blood cells. The serological examination revealed an IgA level of 361 mg/dL, and C3 and C4 levels were not decreased. Myeloperoxidase-antineutrophil cytoplasmic antibodies (ANCA) and proteinase 3-ANCA were not detected. We performed a kidney biopsy. The kidney biopsy specimen contained 23 glomeruli: 3 globally sclerotic glomeruli, 15 glomeruli with an enlarged mesangial area, and 5 glomeruli with mild diffuse mesangial proliferation that had cellular crescents (3), a fibrocellular crescent (1), and segmental endocapillary proliferation (1) . Tubular atrophy and interstitial fibrosis was accompanied with a mild to moderate level of inflammatory cell infiltration. The immunofluorescent examination revealed deposition of IgA and C3 in the mesangial area and along the capillary walls, and there was no difference in deposition between κ-light and λ-light chains. Electron microscopy showed inconspicuous electron-dense deposits and no hump. We diagnosed the patient as having IgA GN with cellular crescents. The MEST score, which represents histologic components included in the Oxford classification of IgA GN, was M0E1S0T1C1 [5] . In addition, the biopsy specimen was negative for the nephritis-associated plasmin receptor (NAPlr) and plasmin activity ( Fig. 3) .
Since this was a highly active case of IgA GN, steroid pulse therapy was considered, but we did not administer it because she had diabetes mellitus, glaucoma, a medical history of hepatic virus B, and was elderly. After we started treatment with an angiotensin-converting enzyme, the patient's urinary protein level started to decrease, and it reached 0.18 g/g Cr within 22 months, although the level of serum Cr kept increasing up to 1.0 mg/dL. Two years after the kidney biopsy, the number of red blood cells in the urine started to decrease without any treatment changes, while the levels of urinary protein and serum Cr remained at 0.17 g/g Cr and 1.0 mg/dL, respectively. Two years and 4 months after the biopsy, MRI still showed the high-intensity area located on the upper edge of the right SC joint, so methotrexate (MTX) was started. The number of red blood cells in the urine continued to decrease with improvement of the serum Cr level, which reached 0.8 mg/dL, and improvement of the estimated glomerular filtration rate, which reached about 60 mL/min/1.73 m 2 , although the level of spot urine protein increased to 0.56 g/g Cr. Three years after the biopsy, she started to have a continuous cough with an increased liver enzyme level. Soon after MTX was stopped, the liver enzyme levels also decreased. The number of red blood cells in the urine almost disappeared, and the serum Cr level remained stable during these clinical events. The spot urine protein level decreased afterward. Four months after stopping MTX, the MRI findings disappeared, and another 4 months later, the serum Cr level reached 0.13 g/g Cr, which met the criterion of clinical remission (less than 0.3 g/g Cr) [6] , and it continued to meet this criterion.
Discussion
The crescent formation in IgA GN is a poor prognostic factor [7] . Tumlin et al. [8] reported that methylprednisolone and intravenous cyclophosphamide were effective for crescentic, proliferative IgA GN. However, in our patient, we observed improvement of crescentic IgA GN without intensive treatment. Self-limiting IgA GN has been reported in children [9] . Furthermore, spontaneous remission has been reported even in IgA GN adult patients with nephrotic syndrome [10] . Thus, IgA GN has various histological manifestations and clinical courses.
We suspected that secondary IgA GN was related to SC arthritis based on our patient's clinical course. Secondary IgA GN is caused by multiple diseases, such as viral hepatitis, Crohn's disease, ulcerative colitis, rheumatoid arthritis, infection, and malignant tumor [11] . As for inflammation, rheumatoid arthritis is one of the main causes of secondary IgA GN due to an autoimmune disorder, which causes IgA malformation [2, 12] . SC arthritis is also a chronic inflammatory disease, and it could cause secondary IgA GN through the same mechanism.
A case of IgA GN complicated with SC arthritis is rare [4] . Recently, it was reported that SAPHO syndrome can be complicated by IgA GN with nephrotic syndrome. The bone lesions in patients with SAPHO syndrome were more frequently (77.6%) located in the anterior chest than in any other part of the body [13] . We need to discuss whether SC arthritis in our patient was one of the symptoms of SAPHO syndrome or caused by other causes, such as infectious osteitis and tumoral conditions of the bone. For SAPHO syndrome, MRI may show inflammation around the lesion, accompanied with osteomyelitis. Herein, MRI showed that the lesion was limited to the right lower edge of the right SC joint without any inflammation around it. Considering this feature, we think that SAPHO syndrome was less likely the cause in our case.
As for infection, SC arthritis is especially associated with an infection from causative organisms, such as Staphylococcus aureus [5, 14] . SC arthritis may cause secondary IgA GN under the existence of a pathogen that "hits" galactose-deficient IgA1 involved in the pathogenesis of IgA GN [1] . Staphylococcus infection-associated GN resembles IgA GN [15] . To distinguish between IgA GN and Staphylococcus infection-associated GN, it is effective to detect the hump in electron microscopy and to measure the serum ANCA level [16] . In the present case, bacteremia was not suspected clinically, so we did not perform a blood culture. Local infection was ruled out based on computed tomography and MRI findings, which showed no abscess. The possibility of focal infection was speculated, but there was no correlation between the size of the tonsils and the clinical course of renal dysfunction in this case. We could not observe the serum ANCA level and hump in electron microscopy. Additionally, the staining result of NAPlr was negative. If the staining results of NAPlr and plasmin are positive, this suggests infectionrelated GN [17] . Herein, we could not indicate an association between IgA GN and infection. Thus, we could not determine whether SC arthritis was caused by Staphylococcus infectionassociated GN, so the causative agent of SC arthritis and IgA GN remains unknown.
In conclusion, the present case suggested a relationship between IgA GN and SC arthritis because active IgA GN improved without steroid or other immunosuppressant as SC arthritis improved. Light microscopy shows a fibrocellular crescent with mild diffuse mesangial proliferative glomerulonephritis (a), and immunofluorescence microscopy shows immunoglobulin A (b) and mild positive C3 staining in the mesangial area (c), and no abnormal κ/λ ratio (d, e). Results of immunofluorescence staining and in situ zymography with a plasmin-sensitive synthetic substrate for the nephritis-associated plasmin receptor (f) and plasmin activity (g), respectively, are negative.
